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RESEARCH ARTICLE 
A Critique of Two Methods for Assessing the Nutrient 
Adequacy of Diets 
HELEN H. JENSEN,l SARAH M. NUSSER,2 HOWARD RIDDICK,3 AND LAURA SANDSl 
1 Center for Agricultural and Rural Development, Iowa State University, Ames, Iowa 50011, 2 Miami Valley 
Laboratories, Procter and Gamble Co., and formerly Iowa State University, 3 Human Nutrition Information Service, 
U.S. Department of Agriculture, Washington, DC 
ABSTRACT The adequacy of diets can be assessed using 
several analytical approaches. This paper reviews two methods of 
assessment: a cutoff method, which estimates the percentage of 
the population having usual intakes below a given value; and a 
probability method, which assesses the percentage of the popula-
tion whose usual intakes are below their individual requirements. 
First, the concept of usual nutrient intakes and the problems 
associated with estimating usual intake distributions are dis-
cussed. Next, the two methods of dietary assessment and their 
related assumptions are described and compared. The more spe-
cific inference of the probability method is shown to rely on its 
assumptions and data that are currently not available. While the 
cutoff method is Simpler, its use may result in misclassification 
errors and its estimates are highly influenced by the cut-off stan-
dard selected. !JNE 24:123-129, 1992) 
INTRODUCTION 
Food consumption surveys and associated estimates of in-
take of dietary components provide an important source 
of information for assessing the nutrient adequacy of diets 
in the U.S. population and for monitoring nutritional sta-
tus. Despite the widely accepted importance of diet in 
determining nutritional outcomes, dietary data alone can-
not identify individuals at nutritional risk; however, the cost 
and the feasibility of using other methods have resulted in 
the general use of food consumption survey data for as-
sessing the adequacy of nutritional intake in a population. 
In order to ensure that estimates of nutritional intake based 
on dietary survey data are valid, it is important to identify 
and understand the methods and criteria used for evalua-
tion. 
Determining the appropriate criteria to use in assessing 
the nutrient adequacy of diets within a population is basic 
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to designing effective nutrition poliCies and programs. A 
recent National Research Council (NRC) report evaluates 
the criteria and methods used to make dietary assessments 
of populations (1). One method uses a cutoff criterion to 
calculate the relative size of the population whose usual 
or typical daily intake is below a specified standard. The 
standard may be set to provide for intakes above the needs 
of most individuals in the population, or it may represent 
more stringent levels of adequacy (2). In using such a 
standard, the cutoff method thus provides an estimate of 
the proportion of the population at risk for inadequate 
intake. However, individual requirements vary, and the 
cutoff approach necessarily assumes a common require-
ment for all individuals in the population specified. Be-
cause of this assumption, the NRC recommends an alter-
native method for assessing the extent of inadequate 
dietary intake, referred to as the probability method (1), 
which combines information on the distribution of nutrient 
requirements and the distribution of usual intakes to obtain 
an estimate of the proportion of the population whose 
usual intake is below hislher requirement. While this sec-
ond approach is, in principle, more attractive, it requires 
more information regarding both the distribution of re-
quirements and the association between requirements and 
usual daily intake than does the cutoff method. 
The purpose of this article is to compare the cutoff and 
the probability method for assessing dietary adequacy, and 
to describe the most appropriate application of each 
method. While the two methods differ in their use of 
dietary requirements information, they both rely on esti-
mates of the distribution of usual intake. The first part of 
the paper describes the concept of usual intake and some 
issues concerning estimation of usual intake distributions. 
The two methods of assessment are then defined and com-
pared. Next, examples are provided to clarify the infer-
ences that can be made with each method and to indicate 
the effect of their underlying assumptions. The final sec-
tion provides a discussion of the problems in obtaining 
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precise estimates of the level of inadequate nutrient intake 
in a population. 
THE DISTRIBUTION OF USUAL INTAKE 
A central concept in dietary evaluation and in the establish-
ment of dietary recommendations is the usual daily nutri-
ent intake of an individual (1,3). As commonly defined, 
usual intake is the long-run average of the daily intakes of 
a nutrient or dietary component for an individual. Opera-
tionally, the usual intake can be thought of as the average 
of daily intakes observed for an individual over a long 
period of time. The concept of usual intake as an indicator 
of nutritional status recognizes that an individual who has 
a low intake of a given dietary component on one day is 
not necessarily deficient (or at risk of being deficient), so 
far as that dietary component is concerned. It is low intake 
over a suffiCiently long period of time that produces a 
dietary defiCiency (4). A dietary deficiency exists when an 
individual's usual intake of the dietary component is less 
than the individual's requirement. 
For a population, the distribution of usual intake de-
scribes the percent of individuals in the population with 
usual intakes at specific levels. It provides a representation 
of the most and least common values for usual intakes and 
of the pattern of variability among the individual usual 
intakes. A good estimate of the usual intake distribution 
is crucial to providing good estimates from either of the 
assessment methods discussed here. 
There are several ways to describe the shape of the usual 
intake distribution. The distribution is often summarized 
by a mean and standard deviation, which are useful sum-
mary statistics when the distribution is symmetric (e.g., if 
the usual intakes follow a normal distribution). However, 
if the distribution is not symmetric, a coefficient describing 
the degree and direction of skewness is useful. Another 
way of describing the usual intake distribution is by a 
function, called a denSity function, representing the pat-
tern of usual intakes in the data. The bell-shaped curve for 
the normal distribution is such a function. A graph of 
a denSity function gives an indication of the percent of 
individuals in the population with usual intakes at specific 
levels. 
Because intakes cannot be negative, usual intake distri-
butions tend to be skewed to the right (1, 5, 6). This shape 
results from the fact that while most usual intakes are 
clustered around some value, there typically are some indi-
viduals whose usual intakes are large relative to the bulk of 
the population. Thus, for many usual intake distributions, a 
normal (or symmetric) distribution is not a good approxi-
mation. 
Nusser et al. (7) found that Weibull distributions, 
skewed to the right, provide a good fit to the usual intake 
distribution for many dietary components (see Figure 1). 
This family of distributions and other similar families (e.g., 
gamma distributions) are often more appropriate, because 
they do not allow negative intakes (as the normal distribu-
tion does) and because they include a wide range of shapes 
with varying degrees of skewness. 
Estimated usual intake distributions should reflect only 
the variation in usual intake among members of the popu-
lation, and should exclude day to day variability in daily 
intakes. In some cases, distributions of usual intake for a 
population are estimated from only one day of observed 
dietary intake data per individual in a sample from the 
population. Such observed dietary intake data contain vari-
ations both within an individual (day to day) and among 
individuals (person to person), and do not permit estima-
tion of either type of variability in dietary intake. Thus, 
estimates of usual intake distributions based on only one 
day of intake data include unwanted within-individual vari-
ability [see the NRC report (1) and Life Sciences Research 
office report (3) for a more detailed explanation of this 
issue J. The implication of including this unwanted individ-
ual variability in the estimated usual intake distribution is 
that the tails of the estimated distribution are extended too 
far, i.e., too large a portion of the population is estimated to 
have an inadequate usual intake relative to some standard, 
leading to an overestimate of the percent of population 
with inadequate diets. Figure 2 illustrates this phenome-
non by comparing usual and mean intake distributions 
(based on fitted distributions for iron). Note that the one-
day mean intake distribution indicates that 7.9% of the 
population has an intake below a level of three standard 
deviations, compared with an estimate of 1.9% from the 
usual intake distribution. 
A far better estimate of the distribution of usual intake 
is obtained by collecting more than one day of data per 
individual, so that the effects of within-individual variabil-
ity in daily intakes can be separated from those of among-
individual variability. In order to account for within-indi-
vidual variability, and to improve the estimates of usual 
intake, many food consumption surveys, including the U.S. 
Department of Agriculture's (USDA) nationwide food con-
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Figure 1. Plots of density functions for the normal and Wei-
bull families. Note that normal distributions are symmetriC 
and include negative values in their range. Weibull distribu-
tions are skewed to varying degrees and omit the possibility 
of negative values. 
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Figure 2. Usual intake distributions (1.9%), four-day mean 
intake distributions (3.4%), and one-day intake distributions 
(7.9%) with percent of population whose intake falls below 3 
units. 
sumption surveys, collect more than one day of intake data 
per individual. 
Details on methods of estimating usual intake distribu-
tions that remove day-to-day variability in daily intakes and 
that rely on a Weibull distributional assumption can be 
found in Nusser et al. (7). An alternative methodology 
based on a nonparametric transformation approach is de-
scribed in Nusser et al. (8). 
METHODS 
Assessment of the adequacy of dietal)' intake for a popula-
tion involves comparing an estimate of the population's 
usual intake distribution for a given dietal)' component 
with some measure of the population's requirements for 
that component. The two methods of determining nutri-
tional adequacy discussed here are the cutoff and the prob-
ability methods. The type of nutrient requirement infor-
mation utilized for these two methods differs considerably, 
as does the type of inference that can be made regarding 
adequacy of intake in the population. 
Cutoff method. The cutoff method uses a fIxed require-
ment level as a criterion for determining adequacy of in-
take. Often, the RDA or a portion of the RDA, is used as 
the cutoff standard. This approach has been widely used in 
evaluating dietal)' status (e.g., Ref. 9). Because individual 
intakes are not compared with individual requirements, 
individuals with intakes below the cutoff standard are said 
to be at risk for developing a nutritional defICiency. 
A fundamental problem of the cutoff method for as-
sessing dietal)' adequacy in a population, which was identi-
fIed by the NRC, stems from the potential for misclassify-
ing individuals as having inadequate dietal)' intakes (1). 
Whenever a cutoff point is used, there will be individuals 
whose usual intake falls below the cutoff pOint, but who 
are meeting their own lower-than-average requirement. 
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These individuals will be incorrectly identifIed as being at 
risk. Likewise, individuals considered to have adequate 
intakes may actually be at risk if their personal requirement 
is higher than the chosen cutoff point. The likelihood of 
these misclassifIcations occurring has been discussed in 
numerous editions of the RDA (4,10) and in the NRC 
report (1). 
Simplicity is the main advantage of the cutoff method. 
Because of errors in misclassifIcation, the cutoff method is 
more appropriate when there is little variation in require-
ments among individuals in the population for the given 
nutrient, or when relative comparisons are of interest, e.g., 
in assessing consumption patterns over time or among 
subgroups of the population. However, in practice, the 
cutoff method is often applied when the range of individual 
requirements is wide, causing the interpretation of the 
results of dietal)' surveys to be ambiguous. Precise infer-
ence about the percentage of individuals with inadequate 
intake in a population cannot be made using the cutoff 
method, nor can the groups with probable defIciencies be 
accurately identifIed. Only an estimate of the proportion 
of the population at risk for nutritional defIciency relative 
to the standard applied can be obtained. 
Probability method. The probability method is de-
signed to estimate the proportion of individuals in the 
population whose intakes are less than their requirements 
(1). This method requires knowledge of the joint distribu-
tion of usual daily intakes and requirements for individuals 
in the population. Using this method, the proportion of 
individuals with defIcient intakes can be estimated by con-
sidering the probability that intake is less than the require-
ment for an individual belonging to the population of inter-
est. 
Because the probability method relies on the bivariate 
distribution of usual intake and nutrient requirements, it 
requires more information than the cutoff method. Al-
though estimated usual intake distributions are aVailable, 
little information exists on requirement distributions for 
any dietal)' component. Also, for some dietal)' compo-
nents, intakes and requirements may not be independent. 
If they are not, as is probably the case for energy, then 
an estimate of the correlation between requirements and 
intakes is required to construct a joint distribution. Such 
data are extremely diffIcult to collect. 
If independence between intakes and requirements can 
be verifIed or assumed, then the calculations for the proba-
bility method are straightforward for any distributional as-
sumption. The calculations of the percentage of the popu-
lation with inadequate intake follow the procedures 
proposed by the NRC (1). 
When intakes and requirements are not independent, 
then the calculations are more diffIcult. If usual intakes and 
requirements can be assumed to have a bivariate normal 
distribution (i.e., both distributions are normal, or are 
transformed to normality using appropriate methods), and 
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an estimate of the correlation between usual intakes and 
requirements is available, then the probability that intake 
is less than the requirement can be expressed in terms of 
a univariate normal distribution, namely, the probability 
that intake minus requirement is negative. Under these 
conditions, calculations are straightforward. A more gen-
eral approach outlined in the appendix may be used when 
the usual intake and/or the requirement distribution is not 
normal and only an estimate of the usual intake-require-
ment correlation exists. 
It should be noted that if transformations are required 
to obtain normality for the usual intake and requirement 
distributions, the transformation used for both the usual 
intake and requirement distributions must be identical. 
For example, if a log transformation produces normality 
for the usual intake distribution, then the log of the re-
quirement distribution should also be normal. When a 
common transformation cannot be found for both distribu-
tions, the more general version of the probability method 
described in the appendix should be applied. 
In sum, the probability method as stated in (1) relies 
on a number of assumptions whose validity is difficult to 
evaluate. Its effective use also relies on reasonable esti-
mates of requirement distributions and, in some cases, on 
an estimated correlation coefficient for usual intakes and 
requirements, both of which are currently unavailable. 
FACTORS AFFECTING INFERENCES OBTAINED 
FROM THE CUTOFF AND THE PROBABILITY 
METHODS 
Both the probability method and the cutoff method pro-
vide measures of the inadequacy of dietary intake in a 
population. However, the estimates they prOvide are dif-
ferent. The follOwing examples illustrate the way in which 
these estimates are calculated and their relative sensitivity 
to different parameters in the estimation process. The con-
structed examples are for protein, based in part on data 
from the U.S. Department of Agriculture's 1985 Continu-
ing Survey of Food Intakes by Individuals (CSFU). Similar 
techniques would apply for other nutrients as well. 
The problem. For ease of explanation, it is assumed for 
this set of examples that both the usual intake distribution 
and the distribution of requirements for individuals in a 
population are approximately normal. The parameters of 
interest are the mean usual intake (Ill) and the requirement 
(IlR) of individuals in the population, the standard devia-
tions of usual intake and requirement, 0"1 and O"R, and the 
correlation between requirement and usual intake (p). 
These parameters, along with the normality assumptions 
above, can be used to estimate the percentage of the popu-
lation with deficient intake using the probability method, 
and the estimated percentage of the population at risk for 
nutrient inadequacy using the cutoff method. The specific 
Table 1. Proportion of individuals with deficient intake for 
different parameters of the intake and requirement distri-
bution for protein based on the probability method 
(01 = OR = 4). 
Correlation (p) 
III 1J.R 0 0.15 0.30 0.45 
0 0.50 0.50 0.50 0.50 
2 0.36 0.35 0.34 0.32 
6 0.14 0.12 0.10 0.08 
10 0.04 0.03 0.02 0.01 
calculations are described in more detail in the appendix, 
including alternative methods for non-normal distribu-
tions. 
Estimates using the probability method. To estimate 
the prevalence of dietary inadequacy in the population 
using the probability method, the proportion of individuals 
in the population whose usual intake is less than their 
requirement is determined. For the example of protein, 
first assume that the standard deviation for both usual 
intake and requirement is 4g (0"1 = O"R = 4), that the 
average usual intake is 6g greater than the average protein 
requirement (Ill - IlR = 6), and that the correlation be-
tween protein usual intake and requirement is 0.30 (p = 
0.30). These assumptions yield an estimate that 10% of the 
individuals have a deficient intake of protein, as shown in 
Table 1 (for III - IlR = 6, 0"1 = O"R = 4, P = 0.30, the 
proportion of individuals with inadequate intake is equal 
to 0.10). 
The estimated proportion varies depending on the cor-
relation between usual intake and requirement, and the 
extent of difference between mean requirement and mean 
usual intake. As shown in Table 1, the proportion of the 
population with inadequate usual intakes increases as the 
correlation coefficient (p) decreases; for a given correla-
tion, the proportion with inadequate usual intakes de-
creases as the difference between the mean usual intake 
and mean requirement grows larger (Le., as mean intake 
increasingly exceeds mean requirements). 
From this example, it is clear that assuming indepen-
dence when the requirement and usual intake are, in fact, 
correlated leads to an overestimate of the proportion of 
individuals with deficient usual intake, although the effect 
of this assumption may be relatively small. The problem is 
more severe when mean intake exceeds mean requirement 
by one or more standard deviations. 
Estimates using the cutoff method. An alternative for 
assessing the nutrient inadequacy in a population is the 
cutoff method, which estimates the probability that an 
individual's intake lies below a threshold value, such as the 
RDA. This corresponds to an estimate of the proportion 
of the population at risk for the speCified level of dietary 
inadequacy. Under the cutoff method, this probability de-
pends only on the intake distribution; knowledge of the 
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Table 2. Proportion of population at nutritional risk for varying risk criteria (k) and intake mean and standard deviation for 
protein based on the cutoff method. 
01 = 4 
III l( = 0.50 l( = 0.65 l( = 0.80 l( = 1.00 
36 0.000 0.030 0.420 0.977 
38 0.000 0.015 0.240 0.933 
40 0.000 0.002 0.110 0.840 
requirement distribution and the correlation between in-
take and requirement is not necessary, although knowledge 
of the level of intake causing dietary inadequacy is required 
to determine the cutoff point accurately. Again, the spe-
cific calculations are described in the appendix. 
Under a normality assumption, the proportion of indi-
viduals at risk in the population estimated using the cutoff 
method is determined by the mean and the standard devia-
tion of usual intakes in the population and by the cutoff 
point. To see how the usual intake mean and cutoff point 
affect the calculated proportion at risk, consider the follow-
ing combinations of parameter values: 
a) mean usual intake of 34, 36, and 38 grams; 
b standard deviation of usual intake of 4 and 5 grams; 
and 
c) RDA proportions (k) ranging from 0.50 to 1.00. 
The calculated proportions are presented in Table 2. As 
expected, the proportion at risk increases as the cutoff 
criterion increases (becomes more stringent), as the stan-
dard deviation increases (Le., the variability of usual intakes 
increases), and as mean intake declines relative to the 
cutoff pOint. The estimates are very sensitive to the RDA 
proportion, k, selected. 
Although the scenarios for the probability and cutoff 
method examples are comparable, it is evident that the 
probabilities in Table 2 bear no relationship to those pre-
sented in Table 1 for the probability method. This is be-
cause the cutoff method provides estimates of the degree 
of risk rather than reflecting the actual level of inadequacy 
present in the population. 
DISCUSSION 
Two methods of assessment have been reviewed and evalu-
ated by using hypothetical distributions. The recent NRC 
evaluation of methods of dietary assessment (1) recom-
mends that the probability method be used whenever pos-
sible. However, its use is severely limited by the lack of 
information on nutrient requirements distributions, and 
perhaps, by the lack of estimates for the correlation be-
tween usual intakes and requirements. Problems may also 
arise in finding common transformations for both the usual 
intake and requirement distributions. Alternatively, the 
cutoff method is limited because it cannot take into ac-
count variability of individual' requirements, and its use 
may thus lead to classification errors. 
01 = 5 
l( = 0.50 l( = 0.65 l( = 0.80 l( = 1.00 
0.003 0.070 0.460 0.950 
0.001 0.030 0.290 0.885 
0.002 0.010 0.170 0.790 
In fact, neither approach may yield prevalence estimates 
of nutrient inadequacy that are accurate enough to be 
used for the formulation of specific nutrition interventions. 
Moreover, the use of either approach may result in overes-
timates of the magnitude of inadequate nutrition in the 
population. In particular, the assumption of independence 
between requirement and intake may lead to overestimates 
of the proportion of the population with deficient intake 
when using the probability method. And, since the cutoff 
method is very sensitive to the cutoff value used, selecting 
a cutoff value that overestimates the intake at which defi-
Ciency may occur will generate overestimates of the popu-
lation at risk of inadequate intake (the opposite error is 
also pOSSible). When the proportion of the population hav-
ing, or at risk of having, dietary deficiency is overestimated, 
too many resources are diverted from other health-related 
nutrition programs to nutrition interventions aimed at 
eliminating nutrient deficiencies. When the problem is 
underestimated, those segments of the population in need 
are not targeted for assistance. 
CONCLUSIONS 
Inasmuch as food consumption survey data provide widely 
accessible indicators of the adequacy of nutrient intake, it 
is important to develop dietary assessments that appropri-
ately rank dietary inadequacies and effectively target popu-
lations in need. These rankings often determine priorities 
for public interventions and nutrition education programs. 
The difficulty in determining precise estimates of the pro-
portion of population at risk should not dissuade nutrition 
educators, policymakers, or program analysts from using 
dietary data in their evaluations. Indeed, more precise 
estimates of dietary adequacy from food consumption sur-
vey data will improve the design and implementation of 
nutrition interventions. 
The problems identified in this paper highlight the need 
for caution in applying and interpreting methods to assess 
dietary adequacy in populations. While RDAs provide rela-
tively simple standards for assessing potential problems in 
nutrient intake within a population, applying such fixed 
cutoff standards can be problematic, particularly when the 
requirement for the speCific nutrient is likely to vary widely 
in the population under consideration. And, if the probabil-
ity method recommended by the NRC (1) is being consid-
ered as the basis of an assessment, an evaluation of the 
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validity of assumptions regarding the intake and require-
ment distributions is warranted, especially since reliable 
information on requirements distribution is generally not 
available. 
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RESUME La valeur nutritionnelle de la ration alimentaire 
peut etre estimee par plusieurs methodes d'analyse. Le present 
article porte sur deux de ces methodes, rune basee sur des 
valeurs-limites qui consiste a estimer Ie pourcentage de la popula-
tion dont l' apport habituel est' inferieur a une valeur donnee, 
l' autre basee sur des probabilit6s, qui consiste a estimer Ie pour-
centage de la population dont l'apport habituel est inferieur aux 
besoins individuels. On discute d'abord du concept d'apport habi-
tuel en nutriments et des problemes que pose l'estimation de la 
distribution des apports habituels. On decrit et on compare en-
suite deux methodes d'evaluation de la qualite nutritionnelle de 
la ration alimentaire ainsi que les principes sur lesquels elles se 
fondent. On demontre que les conclusions specifiques qu' on peut 
tirer de la methode des probabilites reposent sur des connais-
sances de base et sur des donnees qui ne sont pas disponibles 
presentement. Alors que la methode des valeurs-limites est plus 
simple, son usage peut cependant conduire a des erreurs de 
classification et les resultats obtenus par cette methode sont 
largement influences par les valeurs-limites selectionnees. 
Translated by Estelle Mongeau, Ph.D. 
RESUMEN El nivel de adecuaci6n de las dietas puede ser 
evaluado con el uso de varios enfoques analiticos. En el presente 
trabajo se revisan dos metodos de valoraci6n: el metodo de 
limites, en el cual se estima el porcentaje de la poblaci6n que 
usualmente tiene una ingesta por debajo de un valor dado; y el 
metodo de probabilidades, el cual evalua el porcentaje de la 
poblaci6n cuya ingesta esta por debajo de sus requerimientos 
individuales. En primer lugar, se revisa el concepto de ingesta 
nutricional usual y se discuten los problemas asociados a la esti-
maci6n de las distribuciones de ingestas usuales, 0 habituales. 
A continuaci6n, se describen y comparan los dos metodos de 
valoraci6n de la dieta asi como las suposiciones relacionadas, 
correspondientes. La inferencia mas especifica del metodo de 
probabilidades parece fundamentarse en las suposiciones en los 
datos empiricos, las cuales no estan actualmente disponibles. 
Mientras que el metodos de limites es mas sencillo, su uso puede 
resultar en errores de clasificaci6n, y las estimaciones son alta-
mente influenciadas por el criterio 0 los estandares seleccionados. 
Translated by Maria Teresa Cerqueira 
APPENDIX 
This appendix provides the specific calculation for the proba-
bility and cutoff methods of assessing nutrient inadequacy in 
populations based on dietary intake data. 
Calculations for the Probability Method 
We begin with the normal distribution scenario. A more gen-
eral algorithm follows. Suppose that the joint distribution of in-
take and requirement of individuals in a population (I, R) is 
approximated by a bivariate normal distribution, with mean in-
take denoted by f..l, and mean requirement by f..lR, standard devia-
tion of intake by a, and standard deviation of requirement by OR, 
and a correlation coefficient by p. In statistical notation, this is 
expressed as 
The diagonal terms in the variance matrix (01 and ~) refer di-
rectly to the variance of intake and requirements, respectively; 
the off-diagonal terms (pO,OR) indicate the correlation between 
requirements and intake. When the correlation coefficient, p, is 
not equal to zero, these terms are also nonzero. 
The proportion of individuals with deficient intake (Le. , with 
intake less than requirement) is the probability of an individual 
in the population having intake (I) less than the requirement (R). 
Under normality, this is Pr(l < R) = Pr((I - R) < 0), where I 
- R - N [f..l, - f..lR, 01-2pO,OR + ~l· This probability can be 
equivalently expressed in terms of the standard normal distribu-
tion as 
Pr (Z < 7(0) 
where Z - N(O, 1) and 7.0 = -(f..l, - f..lR) [01 - 2 PO,OR + ~1-1Jl!. 
For the example of protein, suppose that the standard deviation 
for both intake and requirement is 4 g (a, = OR = 4), that average 
intake is 6 g greater than the average protein requirement (f..l, -
f..lR = 6), and that the correlation between protein intake and 
requirement is 0.30 (p = 0.30). Then z.,is calculated as 
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Zo = - (6) [42 - 2(0.3)(4)(4) + 42]-112 
= -1.27 
Using a standard nonnal table, the estimate of the proportion of 
the population with inadequate intake is 
Pr (Z < -1.27) = 0.10 
That is, 10% of this population has deficient protein intake. 
A more general fonn of the probability method is also available, 
which does not require nonnality or independence assumptions. 
If a joint distribution of requirement and intake, represented by 
density fl.R (x,y), is available, the proportion of the population 
with deficient intake can be calculated as 
Pr (I < R) = fa f~ fl,R (x,y) dx dy. 
A special case would be to assume bivariate nonnality for the 
joint distribution. Another special case exists where usual intake 
and/or requirement distributions are not nonnal, but indepen-
dence exists between intake and requirement. In this case, given 
an intake distribution (for example, a density denoted fl) and a 
requirement distribution (fR)' the proportion of individuals with 
inadequate intake can be calculated as: 
Pr (I < R) = fa f~ f, (x) fR(y) dx dy. 
Calculations for the Cutoff Method 
The cutoff method of assessing the proportion of the popula-
tion at risk for nutrient deficiency requires calculating the proba-
bility that an individual's usual intake lies below a cutoff point, 
typically some proportion of the RDA. That is, given an estimate 
of the usual intake distribution, 
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Pr [I < k(RDA)] 
is detennined, where k is a proportion of the RDA. 
Consider the calculation first under a nonnality assumption; a 
more general explanation is noted below. If usual intake is as-
sumed to be nonnally distributed, with mean f..ll and standard 
deviation O'r, the probability statement just given can be expressed 
intenns of the standard nonnal distribution. Given that Z - N 
(0,1), then this proportion can be calculated as 
Pr(Z < z:,) , 
where z:, = <J\[k(RDA) - f..ll]. 
As an example, suppose that the RDA for protein is 44 g (RDA 
= 44), the mean protein intake is 38 g (f..l, = 38), the standard 
deviation for protein intake is 4 g (0', = 4), and that k = 0.65. 
Then 
z:, = (4)-1 [0.65 (44) - 38] 
= -2.18 
From the standard nonnal table, the proportion of the population 
at risk is 
Pr (Z < -2.18) = 0.015. 
Hence, 1.5% of this population is at risk for protein deficiency. 
As with the probability method, a more general cutoff method 
fonnulation is available. Given a usual intake distribution (say, a 
density denoted fl) and a cutoff point c, the proportion of the 
population at nutritional risk relative to the cutoff point c is 
Pr (I < c) = f: fl (x) dx. 
INTERDISCIPLINARY WORKSHOP/SHORT COURSE 
"NUTRITIONAL CONCERNS OF THE CHILD WITH SPECIAL HEALTH CARE NEEDS 
(CHILD WITH CHRONIC ILLNESS OR DISABILITY)" 
SEPTEMBER 20-23, 1992 
The University Affiliated Cincinnati Center for Developmental Disorders has been awarded a federal 
grant from the Office of Maternal and Child Health, Bureau of Maternal and Child Health and Resources 
Development for a workshop/short course to be held in Cincinnati, September 20-23, 1992. Public Law 99-
457 as related to nutrition will be addressed. Registration fee is $95 (including continental breakfast, snacks, 
breaks, and reception). Participants are limited in number. A few stipends are available. Continuing education 
credit has been requested for physicians, dietitians (approximately 24), nurses, and QMRP. Occupational 
therapists, physical therapists, special educators, social workers, dentists, and adminstrators also may attend. 
Two graduate credits may be obtained from the University of Cincinnati Food and Nutrition program. Three 
manuals (Program Planning - $10, Clinical Nutrition - $25, and Nutritional Assessment - $15) as well as 
videotapes - $60 and audiotapes - $10 of several presentations also are available (include $4 for each item 
for shipping and handling charges). Contact Shirley Ekval1, PhD, Rd. F AAMD, Project Director; or Florence 
Stevens, MS, RD, Project Coordinator, by June 15, at Children's Hospital Medical Center, 3300 EIland 
Avenue, Cincinnati, Ohio 45229, or call (513) 559-4614 on Monday or Tuesday. 
